A micro-drilling technique was used to detect and study the effect of entrainment of antecrystic zircon in rapakivi texture-forming megacrystic alkali feldspar ovoids in the ferroan granites of the Paleoproterozoic (c. 1630 Ma) Wiborg batholith of southeastern Finland. Texturally controlled analysis of major granite types (wiborgite, dark wiborgite, pyterlite, and porphyritic granite) across the batholith area revealed differences in the textural features, mineral inclusion paragenesis, secondary ion mass spectrometry U-Pb ages, and trace element compositions of inclusion and groundmass zircon populations. This suggests that the material that constitutes the Wiborg rapakivi granites crystallized from separate magmas in at least two stages at different P-T-X conditions. The first stage was characterized by crystallization of alkali feldspar megacrysts from compositionally relatively evolved granitic magmas, recorded by zircon inclusions within the megacrysts during a protracted period of time from c. 1635 to 1628 Ma. The second stage involved relatively rapid final emplacement at c. 1628 Ma, triggered by remobilization of the previously crystallized ovoid material and recorded by groundmass zircon. Differences in the Ti abundance patterns of the dark wiborgite granite type inclusion and groundmass zircon populations can be explained by involvement of coeval mafic (massif-type anorthositic) magmas during the remobilization stage, but the main wiborgitic granite type bears no evidence of mafic magma interaction. Zircon trace element compositions imply that at least in the Wiborg batholith the formation of rapakivi texture has not required mafic magma influence, as rock types without direct evidence of mixing also exhibit prominent rapakivi textures. This suggests that the formation process of the texture was dominated by changes in the intensive parameters (P-T) of the magmatic system. However, more precise quantification of the effects of these factors requires further independent evidence.
INTRODUCTION
Results of high-precision zircon U-Pb geochronology have been used to argue for the prolonged crystallization and emplacement histories of Phanerozoic granitic plutons Glazner et al., 2004; Matzel et al., 2006; Miller et al., 2007; Michel et al., 2008; Miller, 2008; Memeti et al., 2010; Barboni & Schoene, 2014) . Combined with thermal (e.g. Barboni et al., 2015) and rheological modeling, this has provided the basis for so-called incremental emplacement models of shallow magma chambers (e.g. Menand, 2011; Michaut & Jaupart, 2011; Annen et al., 2015) . Entrainment of antecrystic zircon within earlier mineral phases in the same magmatic system has been invoked as the main cause of within-sample zircon age variations that clearly exceed the lifetime of a single magma batch. Antecryst entrainment complicates the crystallization and emplacement age estimates of granitic plutons, but also provides new avenues to study magmatic evolution and petrogenetic processes. The trace element composition of antecrystic zircon, for example, has been shown to provide clues to the evolutionary stages and emplacement history (e.g. melt composition and P-T conditions) before the final crystallization of their host (e.g. Schoene et al., 2012) .
To take full advantage of this potential, robust textural control of zircon is required. Barboni & Schoene (2014) and Barboni et al. (2015) utilized improved textural control of granitic sample material while analyzing zircon crystals separated from discrete textural positions in the Miocene granites of Elba. Separation and high-precision U-Pb chemical abrasion isotope dilution thermal ionization mass spectrometry (CA-ID-TIMS) analysis of zircon crystals from different parts of alkali feldspar megacrysts and the surrounding groundmass allowed determination of a temporally controlled thermal and intrusion history for the Monte Capanne pluton. Heinonen et al. (2016) reported the first U-Pb secondary ion mass spectrometry (SIMS) and trace element laser ablation quadrupole inductively coupled plasma mass spectrometry LAQ-ICP-MS) data on texturally controlled zircon sample material from the Proterozoic (c. 1Á63 Ga) rapakivi granites of the Wiborg batholith of southeastern Finland ( Fig. 1 ; Haapala & Rä mö , 1992) . Zircon was recovered from within rapakivi texture, megacrystic alkali feldspar ovoids by microdrilling and from the respective granite groundmass using standard crushing and separation techniques. This allowed classification of the sample material prior to analytical work and provides the means to compare zircon populations extracted from the ovoid and groundmass materials. Robust textural control resolved differences in crystallization ages and trace element composition between ovoid inclusion and groundmass zircon populations, and was taken as evidence for antecryst entrainment and incremental emplacement of the Wiborg batholith. In this study, we report new U-Pb SIMS and trace element LAQ-ICP-MS zircon data for the Wiborg batholith, which is a prime example of a Proterozoic, rapakivi-textured ferroan granite. These data are discussed in conjunction with the dataset of Heinonen et al. (2016) . Based on zircon textural types, U-Pb ages, and trace element compositions, we propose an enhanced petrogenetic model for the Wiborg batholith granites and discuss the origin of the enigmatic rapakivi texture from a new perspective.
GEOLOGICAL BACKGROUND Wiborg batholith
The c. 1Á62 to 1Á65 Ga Wiborg batholith is the major granitic intrusion of the classic Paleo-to Mesoproterozoic (1Á54-1Á65 Ga) rapakivi granite suite of southeastern Fennoscandia ( Fig. 1 ; Rä mö & Haapala, 2005) . The suite was emplaced into the Paleoproterozoic (c. 1Á8-1Á95 Ga) orogenic crust of the Svecofennian domain in at least two pulses. The older (1Á62-1Á65 Ga) pulse generated the Wiborg batholith and its satellite intrusions of Ahvenisto, Suomenniemi, Onas, Obbnä s, and Bodom in southeastern Finland. The rapakivi intrusions of southwestern Finland and the Salmi area (Russian Karelia) were emplaced at 1Á54-1Á59 Ga (Rä mö et al., 2014, and references therein) . The Finnish rapakivi granite suite is bimodal (mafic-felsic) as the rapakivi granites are associated with massif-type anorthositic rocks and mafic dikes. The latter have limited exposure at the present erosional surface (Alviola et al., 1999; Arponen et al., 2009; Heinonen et al., 2010b Heinonen et al., , 2015 , but are inferred from geophysical evidence to occupy large volumes at midcrustal levels (e.g. Elo & Korja, 1993; Haapala & Rä mö , 1992) . The current geochronology of the Wiborg batholith is based on an extensive set of bulk sample U-Pb TIMS analyses performed during the past 40 years (Vaasjoki, 1996; Rä mö et al., 2014, and references therein) . These data imply a crystallization age range of 1650 to 1627 Ma (Rä mö et al., 2014) , which translates to c. 20 Myr of magmatic activity.
The relationship between the granitic and anorthositic magmas of the Finnish rapakivi granite suite has not been completely resolved. U-Pb ages of the anorthositic rocks [e.g. the Ylijä rvi anorthosite at 1633 6 2 Ma (Rä mö et al., 2014) and the anorthositic rocks of the Ahvenisto complex at 1641 6 2 Ma, 1640 6 2 Ma, and 1636 6 6 Ma (Heinonen et al., 2010b) ] are compatible with those obtained for the associated rapakivi granites [e.g. Ylijä rvi dark rapakivi granite at 1633 6 2 Ma (Rä mö et al., 2014) and the even-grained Ahvenisto rapakivi granite at 1636 6 2 Ma (Heinonen et al. 2010b) ]. There is, however, strong isotopic evidence that the magmas had different primary sources: upper mantle for the anorthositic rocks and lower crust for the granites (Rä mö , 1991; Heinonen et al., 2010a Heinonen et al., , 2010b Heinonen et al., , 2015 . Mineralogical and field evidence also shows that the anorthositic and granitic magmas were locally emplaced almost simultaneously and interacted with each other at the level of emplacement (Rä mö et al., 2014) . The resulting hybrid rocks include, for example, the dark wiborgites (Turkki, 2005; Rä mö et al., 2014) , anorthositic hybrids (Arponen et al., 2009; Rä mö & Arponen, 2010) , and pillow-structured hybrid rocks of the Ahvenisto complex (Alviola et al., 1999; Heinonen et al., 2010b; Fred et al., 2016) .
Rapakivi texture
The rapakivi texture of granitic rocks is defined by megacrystic (often up to $15 cm in diameter), subhedral alkali feldspar ovoids mantled by sodic oligoclase (Fig. 2) . Vorma (1971) classified the rapakivi granites of the Wiborg batholith based on the 'maturity' of their rapakivi texture [see also summary by (Rä mö et al., 2014) ]. According to Vorma (1971) , wiborgite ( Fig. 2a and b ; the 'rapakivi proper') is a rapakivi granite with more than half of the feldspar ovoids mantled by oligoclase, and pyterlite ( Fig. 2c and d ) has less abundant (<50%) mantled ovoids. Dark wiborgite ( Fig. 2e and f ; Vorma, 1971; Rä mö et al., 2014) is otherwise similar to wiborgite but includes prominent, relatively calcic (An $40-52 ) plagioclase xenocrysts probably derived from anorthositic mushes. Minor porphyritic rapakivi granites are different from the regular rapakivi-textured rocks as they include euhedral alkali feldspar megacrysts not mantled by oligoclase. Other, subordinate, rapakivi granite types (equigranular varieties and silicic dikes; Rä mö et al., 2014) are also found in the Wiborg area, but c. 90% of the present areal extent of the batholith consists of granitic rocks with prominent rapakivi texture (Fig. 1) . Wiborgite is the dominant rock-type at the current erosional level (c. 80% of the area), and dark wiborgite (c. 5%) and pyterlite (c. 5%) form discrete smaller intrusive units ( Fig. 1 ; Rä mö & Haapala, 2005; Rä mö et al., 2014) .
The rapakivi texture-forming alkali feldspar ovoids generally have numerous inclusions of early saturated minerals such as plagioclase, quartz, mafic minerals (olivine, pyroxenes, hornblende, biotite) and their reaction products, ilmenite (rarely magnetite), fluorite, sulphides, apatite, and zircon ( Fig. 3 ; Larjamo et al., 2016) . The inclusion mineral assemblage and the amount of inclusions in the ovoids may vary considerably. Some ovoids have outer portions that have fewer inclusions than the inner parts, but opposite examples are also known. A common observation is that most of the groundmass minerals are usually also found as inclusions within the ovoids. Recent observations of ovoid inclusion zircon populations that are older than the respective groundmasses in the Finnish rapakivi granites , suggest, however, that the differences between ovoid inclusion and groundmass assemblages may be more fundamental than thus far assumed.
The rapakivi texture has perplexed mineralogists and petrologists since the late 19th century (Sederholm, 1891; Vorma, 1971; Rä mö & Haapala, 2005; Vernon, 2016) . Several genetic models have been proposed for this texture, including subsolidus reorganization of feldspar components (Dempster et al., 1991 (Dempster et al., , 1994 , magma mixing (Hibbard, 1981; , and sub-isothermal polybaric crystallization in a decompressing system (Nekvasil, 1991; Eklund & Shebanov, 1999; Elliott, 2001) . The mixing models are based on studies of volcanic rocks (Hibbard, 1981; and experimental work extrapolated to plutonic environments to explain the textures of granites . Key factors in the decompression model of Nekvasil (1991) are the following: (1) an appropriate parental magma composition that facilitates early, relatively high-pressure ($0Á5 GPa) crystallization of the ovoid inclusion assemblage (plagioclase þ quartz þ oxides þ hornblende 6 biotite 6 zircon) and alkali feldspar; (2) sufficiently low water activity to keep the magma from saturating in H 2 O during decompression (to $0Á2 GPa or even lower); (3) close-to-adiabatic P-T gradients between c. 50 and 100 C GPa -1 that facilitate simultaneous dissolution of alkali feldspar and epitaxial nucleation of plagioclase.
The depth of emplacement of the rapakivi granites is probably also an important controlling factor in the formation of the rapakivi texture. Mineral chemical studies on the Finnish rapakivi granites (e.g. Eklund & Shebanov, 1999; Elliott, 2001 ) imply relatively high pressures (up to 0Á5 GPa), based on Al-in-hornblende geobarometry. Eklund & Shebanov (1999) also claimed differences in the apparent crystallization conditions of ovoid inclusion mineral assemblages (high-P) compared with the groundmass of respective rapakivi granites (low-P), yet Elliott (2001) was unable to find significant crystallization pressure differences between ovoids and groundmass. Absolute pressure values (averaging c. 0Á4 GPa) for wiborgite crystallization from the Al-in-hbl geobarometer (Elliott, 2001 ) are, however, most probably overestimates because of the reduced, iron-enriched nature of rapakivi magmas (see Anderson & Smith, 1995) . Also the volcanic, sub-volcanic, and sedimentary rock units closely associated with the Finnish rapakivi granites (e.g. Sederholm, 1928; Kohonen & Rä mö , 2005; Pokki et al., 2013; Kohonen, 2016) point to shallow emplacement.
For the rapakivi texture in the Wiborg batholith of southeastern Finland, a successful model of origin has to explain, first and foremost, the pervasiveness of the texture, as practically the entire exposed part of the batholith is composed of rapakivi-textured rocks with mantled ovoids constituting 50-90% of the volume of the rock. Eklund & Shebanov (1999) suggested that a decompression model explains the differences observed between mineral assemblages in Finnish rapakivi granites. However, the intimate relationship between the anorthositic and granitic magmas in the suite (Arponen et al., 2009; Rä mö et al., 2014; Heinonen et al., 2015) calls for re-evaluation of the applicability of the mixing model. Zircon composition may also provide an independent proxy to evaluate the P-T conditions of the Wiborg rapakivi granites (and ferroan systems in general), because it is not dependent on the redox budget of the magmas as are the widely used geobarometers that are based on hornblende compositions (e.g. Anderson & Smith, 1995; Essene, 2009; Putirka, 2016) .
MATERIAL AND METHODS

Sampling
The material used in this study comprises seven rapakivi granites that represent the major rock types of the Wiborg batholith: three dark wiborgites, two wiborgites, one pyterlite and one porphyritic rapakivi granite (Fig. 1) . Sample names, locations, pertinent references, and petrographic summaries are given in Table 1 . Zircon U-Pb isotope and trace element data and analytical details for three of these samples (RISTI, MÄ TTÖ , and HAIKKA) have been reported earlier and these data are discussed in conjunction with four further samples (UT, KUUSA, TUOHI, and VERLA).
Sample preparation
Large (several tens of kilograms), representative and fresh samples of the studied rocks were collected with a hammer and chisel. The ovoid material was carefully extracted in the laboratory using a rock saw. Complementary sample preparations, one for thin (30 mm) and one for thick section (300 mm) work, were produced of about 10 alkali feldspar ovoids from samples UT, KUUSA, and TUOHI, and from 10 euhedral alkali feldspar megacrysts in sample VERLA. Thick sections were prepared with Crystalbond TM adhesive at the petrographic laboratory of the Division of Geology and Geochemistry (DiGG) at the University of Helsinki. Several ovoid thick sections from samples UT, KUUSA, and TUOHI contained abundant zircon suitable for processing, whereas only one zircon was found in one of the alkali feldspar megacrysts in sample VERLA. The located zircon crystals were extracted in 350-700 mm drill cores (Supplementary Data Electronic Appendix 1; supplementary data are available for downloading at http://www.pet rology.oxfordjournals.org) from the thick sections using Medenbach TM micro-drilling equipment under a polarizing microscope and were mounted in epoxy after removing any Crystalbond TM remains in acetone. The groundmass material of all samples was prepared for zircon separation by first dissecting it into sub-centimetre-sized pieces and carefully removing all detected parts of any megacrysts. Zircon was extracted from the groundmass material by standard milling and heavy-liquid separation techniques. Groundmass zircon was hand-picked from non-magnetic q > 3Á3 g cm -3 heavy mineral fractions under a stereomicroscope and mounted in epoxy. The mounts were ground to reveal the zircon, polished, and coated with a thin layer of gold, before they were imaged with a JEOL JSM 5900 LV scanning electron microscope at the Geological Survey of Finland to generate backscattered electron (BSE) images. Prior to SIMS analysis, the mounts were fully coated with gold and then again re-polished and cleaned prior to LAQ-ICP-MS analysis.
Zircon U-Pb SIMS analysis
The zircon samples were analyzed for U-Pb isotopes using a CAMECA IMS 1280 ion microprobe at the Nordsim facility of the Swedish Museum of Natural History in Stockholm. Instrument parameters, analytical methods, calibration and correction procedures followed those of Whitehouse et al. (1999) and Whitehouse & Kamber (2005) . Analyses were performed in an automatic pre-programmed chain analysis mode with a 15 lm ion beam diameter. The measured U/Pb ratios were calibrated using the 91500 zircon standard (1065Á4 6 0Á3 Ma, U ¼ 80 ppm, Pb ¼ 15 ppm; Wiedenbeck et al., 1995) . Common lead corrections used the modern-day average terrestrial common Pb composition of Stacey & Kramers (1975) . Decay constants of Steiger & Jä ger (1977) were used in all calculations. The ISOPLOT-Ex v 4.15 (Ludwig, 2012) program was used for age calculations and plotting of the U-Pb isotope data.
Zircon trace element LAQ-ICP-MS analysis
Trace elements in zircon were analyzed using a Bruker aurora Elite quadrupole ICP-MS system coupled to a CETAC LX213 G2þ laser microprobe at the Isotope Laboratory of the Department of Geosciences, University of Oslo. Ablation beam diameter was 30-40 lm, pulse frequency 10 Hz and beam energy density c. 5 J cm -2
. A fast scanning protocol with 10 ms dwell time on all masses was employed. Ablations lasted for 50 s and were preceded by a 20 s background measurement with the laser off, giving a total analysis time of 70 s per spot. NIST 610 silicate glass (Jochum et al., 2011) was used as the external standard, and 29 Si as the internal standard, assuming a stoichiometric composition of 32Á78 wt % SiO 2 for zircon. Data reduction was made off-line using the GLITTER 4.4 software (Griffin et al., 2008) . Accuracy and external precision of individual elements were estimated from repeated analyses of reference zircon GJ-1 and are reported alongside analyzed masses in Supplementary Data Electronic Appendix 3 (Table EA3) .
SEM-EDS analysis
The mineral inclusions in the zircon grains were analyzed using a JEOL JSM 5900 LV scanning electron microscope (SEM) equipped with an Oxford Instruments energy-dispersive X-ray spectrometer (EDS) detector and controlled by INCA software at the Geological Survey of Finland. The analytical conditions were as follows: low vacuum mode (22 Pa), COMPO back-scattered signal, 20 kV accelerating voltage and 1 nA probe current.
RESULTS
Petrographic feature of the studied rapakivi ovoids
All the examined alkali feldspar ovoids are perthitic, most of them with both microperthite and coarser exsolved feldspar (Fig. 3) . Numerous ovoids consist of more than one alkali feldspar grain, some of which are twinned. All ovoids have inclusions of anhedral, rod-like and/or concave quartz, many types of plagioclase (euhedral, corroded, surrounded by quartz and/or albite, in places myrmekitic), biotite, zircon, apatite, and ilmenite (Fig. 3a) . Most of the ovoids also contain fluorite (Vaasjoki, 1996) am, amphibole, ap, apatite, bt, biotite, cpx, clinopyroxene, fa, fayalite, fl, fluorite, hbl, hornblende, idd, iddingsite, ilm, ilmenite, kfs, alkali feldspar, mtz, monazite, pl, plagioclase, qtz, quartz, zrn, zircon.
inclusions (Fig. 3b) . Mineral inclusions in ovoids are usually clustered together and in some of the dark wiborgites they look almost like gabbroic rock fragments (Fig. 3c) . The marginal parts of the examined ovoids can be divided into three types: (1) plagioclase rims that may be continuous or discontinuous and consist of one or several grains ( Fig. 3d and e) ; (2) symplectic, lace-like intergrowth with quartz (Fig. 3f) ; (3) interlocked with drop-shaped groundmass quartz (mainly in the pyterlite sample HAIKKA).
Zircon morphology and internal textures
Internal textures of the zircon crystals were assessed from BSE images and optically from the analysis mounts and thick sections. Morphological comparison of the populations is challenging as the micro-drill sampling method provides randomly oriented sections of inclusion zircon crystals. In contrast, most of the groundmass zircon crystals have been mounted on their most prominent prism crystal faces and thus are sectioned approximately on a plane parallel to the caxis. BSE images of all analysed zircon crystals are available in Supplementary Data Electronic Appendix 2; some examples are illustrated in Fig. 4 . The overall external morphology of all the examined zircon populations was observed to be rather simple, with single prism and bipyramid forms. Internal textures of most of the examined crystals mirror the observed external features and only small differences in relative dominance of crystal faces were observed. The main exception to this is core domains that are common in the inclusion zircon populations of some samples (e.g. Fig. 4a , e, and f), which can have discordant crystal faces relative to the later crystallized domains.
The zircon populations from within the megacrysts exhibit four textural domain types: (1) featureless, pale (BSE) core domains; (2) featureless, pale inner domains; (3) oscillatory zoned inner domains; (4) featureless, pale outer domains. All four domain types may be observed, although rather rarely, in a single grain. Most of the inclusion zircon crystals display up to three types (Fig. 4a , e, and f), most commonly a type 3 inner domain with a type 4 outer rim and in some grains a pale, featureless type 1 or 2 inner domain. Type 1 and type 2 domains seem similar but are usually discernible because of radial cracking that extends through the type 2-4 domains and terminates at the outer boundaries of type 1 (Fig. 4e  and f) . The cracking most probably results from volume changes in U-and Th-rich inner domains, induced by strong metamictization (see Lee & Tromp, 1995; Corfu et al., 2003) .
All four domain types are also present in the groundmass zircon populations but they are clearly dominated by the oscillatory zoned (type 3) and featureless acicular (type 4) textural types. Any single crystal is usually of only one type and none display more than two textural types (usually an inner oscillatory type 3 domain overgrown by a later featureless type 4 outer domain; Fig. 4b ). The proportion of type 4 acicular crystals relative to the oscillatory-zoned type 3 crystals varies by rock type. The studied wiborgites and the pyterlite have type 4-dominated groundmass textural types, whereas the groundmass populations of the dark wiborgites consist mostly of type 3.
In general, in both population types (inclusion and groundmass) it appears that the type 1 and 2 zircon domains crystallized earlier than type 3, which represents the main crystallization stage, followed by late crystallization of type 4 zircon. Differences between the four textural types are also displayed in contrasting trace element compositions that are evident even within single grains (e.g. Fig. 4c and d) . None of the type 1 or 2 domains yielded significantly older U-Pb ages that could be interpreted as xenocrystic or inherited grains.
Mineral inclusions in zircon
A summary of mineral inclusion observations in zircon is presented in Table 2 and some examples of typical inclusions are illustrated in Fig. 5 . All identified inclusions are illustrated on BSE images in Supplementary Data Electronic Appendix 5. Full analytical files are available from the first author upon request.
Zircon grains from all samples and both inclusion and groundmass population types contain K-feldspar, albite, quartz, and secondary chlorite as inclusions ( Fig. 5c and d) . All groundmass populations also contain some unaltered primary mafic phases (either amphibole or biotite), which are mostly absent from the grains of the inclusion zircon populations. Notably, calcic plagioclase, which is the earliest major liquidus phase in ferroan granite magmas (e.g. Nekvasil, 1991; Vernon, 2016) and is invariably present as inclusions in all studied rapakivi ovoids , is not observed as inclusions in any of the studied zircon populations. The observed albite inclusions seem to always be related to the K-feldspar inclusions (Fig. 5c ) and may be the result of exsolution of alkali feldspar, which is observed fresh only in a couple of the samples (UT, KUUSA, and VERLA groundmass and TUOHI and HAIKKA inclusion populations). Polymineralic inclusions (e.g. albite-alkali feldspar-quartz) may also represent granitic melt trapped inside the crystallizing zircon crystals.
Some minor inclusions of Fe-Ti oxide (precise identification was not possible based on the available EDS results) or pure ilmenite are present in nearly all groundmass zircon populations, ilmenite being more common in the more felsic rapakivi granite types and Fe-Ti oxide in the dark wiborgites. Inclusion zircon populations contain only very few oxide grains, which are mostly observed only in contact paragenesis with the zircon, not as actual inclusions. Minute zircon crystals are present as inclusions in all groundmass zircon populations (Fig. 5e ) but are absent from all of the studied inclusion zircon populations.
One of the type 1 zircon domains in sample TUOHI inclusion zircon population contains small inclusions of thorite that are associated with altered zircon domains. Minor monazite inclusions are present in the groundmass zircon populations of samples KUUSA and TUOHI but are relatively abundant in the groundmass population zircon of the porphyritic rapakivi granite sample VERLA (Fig. 5f ). The VERLA groundmass zircon also includes some minor xenotime and galena. Minor chalcopyrite and sphalerite are present in the groundmass zircon population of the dark wiborgite sample UT. Fluorite inclusions are present in most groundmass zircon populations, but in only one of the ovoid inclusion populations (RISTI; Fig. 5a ). Pb ages are also shown in million years with 2r uncertainties. In (b) and (d) similar symbols connected with a line denote analyses from within the same grain. Single analyses are marked with stars. Textural types and analysis numbers are also indicated. 
3, 4, P 2, 3, 4 4 P 3, 4 3, 4, P 4 4 3, 4, P Ab, albite; Afs, alkali feldspar; Am, amphibole; Ap, apatite; Bt, biotite; Ccp, chalcopyrite; Chl, chlorite; Fe-Ti ox, iron-titanium oxide; Fl, fluorite; Gn, galena; Ilm, ilmenite; Kfs, K-feldspar; Mnz, monazite; Qtz, quartz; Sp, sphalerite; Tho, thorite; Zrn, zircon; Xtm, xenotime. Numbers refer to zircon domain types in which the mineral grains are included; P indicates a mineral that is found in contact paragenesis with zircon but not necessarily as an inclusion unless otherwise stated. 
SIMS U-Pb ages
The results of the SIMS U-Pb analyses are presented on concordia and 207 Pb/
206
Pb age distribution diagrams in Fig. 6 and are combined with data from Heinonen et al. (2016) in Table 3 and Fig. 7 . Full analytical results are available in Supplementary Data Electronic Appendix 3.
Most of the 177 U-Pb analyses performed on the studied three inclusion and four groundmass zircon populations proved concordant and yield concordia ages comparable with the weighted mean Pb age (1627 6 3 Ma, n ¼ 26, MSWD ¼ 0Á63) of the Tuohikotti wiborgite groundmass zircon population (Fig. 6f) . Also in this case, the mean 207 Pb/ 206 Pb age is preferred as the crystallization age of the TUOHI groundmass population. The preferred crystallization ages for the inclusion zircon populations are, therefore, 1629 6 3 Ma for the Ulko-Tammio dark wiborgite, 1630 6 3 Ma for the Kuusankoski dark wiborgite, and 1628 6 3 Ma for the Tuohikotti wiborgite. The groundmass population ages of the respective samples are 1629 6 4 Ma, 1628 6 3 Ma, 1627 6 3 Ma, and 1631 6 4 Ma for the Verla porphyritic rapakivi granite. Pb age diagrams denote the calculated mean age of the population with uncertainty. All uncertainties are plotted and quoted at 2r.
Zircon trace elements
The zircon trace element compositions of the four samples analyzed for this study and the three samples reported by Heinonen et al. (2016) are presented as chondrite-normalized rare earth element (REE) diagrams in Fig. 8 , in U vs Ti and Yb/Gd vs U/Th diagrams in Figs 9-12, and in selected box plots in Fig. 13 . The full analytical results are available in Supplementary Data Electronic Appendix 3 (Table EA2 ).
The type 1 and 2 zircons in both inclusion and groundmass population types have variable REE patterns, commonly with light REE (LREE)-enriched upward-concave shapes, and overall high trace element abundances (Fig. 8) . Most of the type 3 zircons in the groundmass populations of the examined samples display regular heavy REE (HREE)-enriched REE patterns (Hoskin & Schaltegger, 2003) with Ce and Eu anomalies typical of magmatic zircon (Fig. 8) . Compared with the groundmass populations, the type 3 inclusion zircons have, more commonly, elevated LREE abundances (Fig. 8) . Most of the type 4 zircons in both population types have REE patterns similar to type 3, with overall slightly higher HREE levels.
The U abundances in both inclusion and groundmass type 3 zircon of the dark wiborgites (UT, KUUSA, RISTI) are less than 500 ppm (Fig. 9) . In the wiborgites (MÄ TTÖ and TUOHI), type 3 zircon has slightly higher U levels, locally up to 1000 ppm. In the pyterlite (HAIKKA) and especially the porphyritic rapakivi granite (VERLA) type 3 zircon has rather low U values. In all samples, type 4 zircon has overall higher U and lower Ti abundances than the type 3 zircon. Type 1 and 2 zircons more often have higher U levels than the other types. The inclusion type 3 zircon has systematically higher U abundances than the groundmass type 3 zircon (Figs 9 and 10).
The Ti contents of most of the analyzed zircons fall between 5 and 25 ppm, but some differences between Pb age of all groundmass analyses (n ¼ 134) from samples UT, KUUSA, RISTI, MÄ TTÖ , TUOHI, and HAIKKA with a calculated 2r uncertainty of 2 Ma. population types and rock types can be observed (Figs 9 and 10). In the groundmass populations, type 4 zircon has generally lower Ti abundances (5-20 ppm) than type 3 zircon (10-25 ppm). Except for two outliers in the KUUSA and RISTI dark wiborgites (Fig. 10c) this pattern is similar in the inclusion populations ( Fig. 10a and c) .
The Ti abundances of type 3 zircon in the groundmass populations of wiborgites and the pyterlite are clearly lower than in the dark wiborgites (Fig. 10b ). This pattern is not observed in the type 3 zircon of the inclusion populations. The Yb/Gd ratios of all analyzed zircon fall mostly between 5 and 25 (Figs 11 and 12) . Except for one outlier, all dark wiborgite zircons fall below a Yb/Gd value of 20 and also only a couple of type 4 zircon in the other rock types have values over 20. The majority of the analyzed zircons have Th/U ratios between 0Á7 and 0Á3, with a discernible negative correlation with Yb/Gd ratios (Figs 11  and 12 ).
DISCUSSION
Comparison of zircon trace element compositions
To compare the trace element compositions of the analyzed zircon from the Wiborg batholith with zircon crystallized in other geotectonic environments and rock types (Grimes et al., 2015) , as well as selected granites with similar and differing geochemical affinities (Belousova et al., 2006; Nardi et al., 2013) , the data are plotted on a log 10 (Nb/Yb) vs log 10 (U/Yb) discrimination diagram (Grimes et al., 2015) in Fig. 14 . The Wiborg rapakivi granites plot above the mantle array defined by zircon from mid-ocean ridge (MOR) and oceanic island (OI) environments and overlap with the continental arc field. Compositionally similar zircons have been reported from the amphibole-bearing less fractionated phase of the A-type Madeira granites (ABMG) from the Pitinga region in Amazonia (Nardi et al., 2012 (Nardi et al., , 2013 . Zircons from S- (Belousova et al., 2006) and I-type (Nardi et al., 2013) granitoids, possibly reflecting a stronger recycled crustal signature, appear to plot mostly at higher U/Yb values than the type 3 Wiborg zircon. Some of the more evolved type 4 zircons and type 1 and 2 zircons from both population types seem to overlap with the zircon compositions from these geochemically differing granites.
All of the studied zircon populations plot on diagonal fractionation arrays in a Nb/Yb vs U/Yb diagram (Fig. 14) . The compositions of type 3 zircon populations overlap considerably with each other, but the inclusion populations tend as a whole to plot at relatively higher U/Yb values compared with the groundmass populations, which overlap partly with the MOR and OI fields. This would be counterintuitive if the zircon populations crystallized from the same magmas, as shifts orthogonal to the normal fractionation arrays to higher U/Yb values are usually caused by crystallization of phases that fractionate U from Nb (ilmenite, titanite; Grimes et al., 2015) . This effect is clear for the late magmatic type 4 zircon populations, which plot at significantly higher U/Yb values compared with the main phase type 3 populations; most probably this reflects earlier main phase crystallization of oxides. As the inclusion populations crystallized earlier than respective groundmasses, their relatively higher U/Yb ratios suggest that ovoid and groundmass materials crystallized from separate magma batches with distinct geochemical compositions.
Zircon antecryst entrainment and the age of the Wiborg batholith
Entrainment of antecrystic zircon in long-lived felsic magma systems has recently been recognized as an important complicating factor in the determination of granite crystallization ages (e.g. Miller, 2008) . Bulk samples prepared for geochronology by separating zircon crystals from crushed whole-rock samples show poor textural control and can, in the worst case, provide meaningless average ages. Recent studies of potential antecryst-bearing systems have utilized high-precision single-crystal CA-ID-TIMS zircon analyses to determine minimum population crystallization ages to screen the potential antecrystic effect (e.g. Coleman et al., 2004; Matzel et al., 2006; Miller et al., 2007; Michel et al., 2008; Memeti et al., 2010) . This method allows accurate determination of the final crystallization stage of the studied material and also helps to identify preceding crystallization stages. Sufficient petrographic information on the textural context of zircon is, owing to bulk sampling, not available in most of these studies and the classification of zircon populations has been done a posteriori based on their age, composition, and morphological traits.
Antecryst entrainment beyond external analytical error reported for the MÄ TTÖ and HAIKKA samples is not observed in the four new samples of this study (Fig. 7) and no age difference can be inferred between the populations. Regardless of this overlap in statistical precision, the higher average 207 Pb/ 206 Pb age values of the inclusion zircon populations compared with the respective groundmass populations would affect the determination of zircon ages from bulk samples. Zircon is a very abundant inclusion mineral in most of the examined ovoids and it is thus probable that the inclusion population zircon accounts for a significant proportion of the total zircon budget of the bulk samples. Hence, the effect of entrained zircon on the bulk sample ID-TIMS analysis of these rocks would still cause overestimation of final crystallization ages. It is obvious that the actual crystallization ages of the studied rapakivi granites can be much better estimated from the groundmass population zircon ages than from bulk populations.
Pre-existing ID-TIMS U-Pb data imply that the Wiborg batholith was emplaced during a prolonged time period of over 20 Myr (c. 1Á65 to 1Á62 Ga; Vaasjoki et al., 1991; Vaasjoki, 1996 ; see also Rä mö et al., 2014). It has also been suggested that the decreasing age trend from north to south across the batholith reflects a gradual lateral shift in the locus of magmatism over time (Rä mö et al., 2014) . According to the groundmass ages reported here, however, it appears that the major rock types across the batholith crystallized during a very limited time window around 1628 Ma, which is close to the younger end of the known age spectrum of the batholith. The groundmass of the porphyritic rapakivi granite VERLA has a nominally higher average 207 Pb/ 206 Pb age of 1631 6 4 Ma. The previously reported bulk sample ID-TIMS age of 1639 6 4 Ma (Vaasjoki, 1996;  Table 1 ) may reflect entrained zircon that was not detected in this study. The slightly higher groundmass SIMS age suggests, however, that the porphyritic rapakivi granite may represent an earlier marginal phase of the Wiborg batholith.
Ovoid material represents a significant proportion of the batholith volume (up to c. 80 vol. % at the present level of erosion). The entrained antecrysts detected in the examined ovoids show that the ovoids probably crystallized over a longer period of time and possibly also in different conditions than the groundmass material. The ovoid material may represent magmas that were incrementally emplaced and crystallized at upperto mid-crustal levels, which were only later remobilized and transported to the emplacement level by the melts from which the groundmasses were crystallized. This would comply with the incremental emplacement models proposed for many Phanerozoic granitic systems (e.g. Coleman et al., 2004; Memeti et al., 2010) and suggests that although a substantial amount of the Wiborg batholith material was generated over a longer period of time, the final emplacement and crystallization occurred rather rapidly at the younger end of the c. 1Á65 to 1Á63 Ga age spectrum (see Rä mö et al., 2014) . This rather probable scenario calls for reassessment of the overall evolution and emplacement history of the Wiborg batholith.
Magmatic evolution of the Wiborg batholith
Trace element compositions of zircon can be used to track the compositional evolution and crystallization conditions (P-T) of the magmas from which they were crystallized if the relative timing of crystallization of different zircon types can be independently established. In this study, a priori classification of the studied zircon material was achieved first by analyzing zircon from two distinct and precisely known textural positions, from within ovoids and groundmass, and second by internal textures. The textural and geochronological evidence presented here provides constraints on the relative timing of crystallization of the zircon types and it is interpreted that the inclusion population zircon populations crystallized before the corresponding groundmass zircon. The type 3 oscillatory zoned domains are considered to represent the main crystallization stage, whereas type 1 and possibly also type 2 represent early zircon saturation, maybe even in earlier magmas. Type 4 zircon is assumed to represent latestage crystallization from evolved residual magma.
The magmas from which the ovoids and groundmass crystallized were probably compositionally broadly similar ferroan granitic magmas. Potential open-system chemical influences are, however, illustrated by the dark wiborgites, which carry direct mineralogical evidence of interaction with coeval anorthositic magmas (xenocrystic labradoritic plagioclase crystals; Arponen et al., 2009; Rä mö et al., 2014) . Plagioclase xenocrysts are not observed as inclusions in the ovoids, which shows that this anorthositic influence is limited only to the groundmass of these rocks.
An important observation regarding the differences between inclusion and groundmass zircon is the stronger compositional variability in the inclusion zircon. Most of the type 3 groundmass zircons exhibit regular HREE-enriched REE patterns, whereas the inclusion zircon has less constant REE and in some cases LREEenriched compositions (Fig. 8) . High LREE abundances in zircon are usually associated with minute LREEbearing inclusions (Hoskin & Schaltegger, 2003) , which may also be the case for the studied zircon.
A similar pattern is also evident in Yb/Gd and Th/U ratios, as the type 3 inclusion zircon regularly has lower and more varying values compared with the type 3 groundmass zircon (Figs 11 and 12 ). These features may imply similar crystallization histories of the different population types masked by later preferential remobilization of Th, leading to lowered Th/U ratios in the earlier crystallized inclusion zircon. Absolute U abundances are higher in the type 3 inclusion zircon populations compared with the groundmass type 3 zircon (Figs 9 and 10a, b) . This, like the higher HREE abundances, can be explained by varying melt compositions but this straightforward interpretation is complicated by the more diverse mineral inclusion paragenesis observed within the groundmass zircon compared with the inclusion zircon populations ( Table 2) . Some of the studied type 3 zircons also include REE-bearing phases like monazite and xenotime, which may have competed for trace elements, leading to lower total abundances in co-crystallizing zircon. The nearly complete chloritization of primary mafic inclusion phases in the type 3 ovoid inclusion zircon populations also indicates that the effect of secondary alteration cannot fully be discounted either.
The type 4 zircon has Yb/Gd versus Th/U ratios comparable with those of type 3 zircon in most samples but clearly higher absolute U and lower Ti values (Figs 9, 10, and 13). These compositional features probably reflect late-stage, low-temperature crystallization as the k zrn-melt values for U and HREE are higher at lower crystallization temperatures (e.g. Rubatto & Hermann, 2007) , whereas the Yb/Gd and Th/U ratios are relatively unaffected by crystallization temperature.
The Ti abundance variations in the type 3 zircons clearly correlate with rock type. The type 3 groundmass zircon has somewhat higher average Ti values compared with inclusion type 3 zircon in the dark wiborgites, whereas in wiborgites they are somewhat lower (Fig. 13) . Given the strong temperature control of k zrn-melt values (Rubatto & Hermann, 2007) , lower crystallization temperatures should also correspond to relatively higher abundances of U and HREE in low-T type 3 zircon. Therefore, if the Ti abundance in zircon is fully controlled by crystallization temperature (i.e. close to constant aTiO 2 values and isobaric crystallization; Ferry & Watson, 2007) , overall negative correlation of U and HREE with Ti in zircon would be expected. A clear negative correlation is evident in most of the studied samples between type 3 and type 4 zircons (Figs 9 and 10) but the patterns of the type 3 zircons in inclusion and groundmass populations seem to be controlled by the host lithology. The higher Ti abundances in the groundmass type 3 zircon of the dark wiborgites correlate with lower U contents but similar behavior is not observed in the wiborgites, in which relatively lower U abundances correlate positively with lower Ti. This suggests that the low U values are not caused by higher crystallization temperatures, but rather by lower overall U contents in the groundmass magmas compared with the ovoid magmas.
Ti-in-zircon and the genesis of rapakivi texture
The Ti-in-zircon thermometer of Ferry & Watson (2007) is routinely used to estimate the crystallization temperatures of zircon in magmatic rocks but its results are subject to changes in TiO 2 and SiO 2 activities and pressure of the magmatic environment (e.g. Ferriss et al., 2008; Essene, 2009) . Silica activity may be assumed at unity (aSiO 2 ¼ 1) in the studied rocks but unconstrained crystallization pressures and melt aTiO 2 values complicate further crystallization temperature estimates. The Ti-inzircon thermometer (Ferry & Watson, 2007 ) is calibrated at a pressure of 1 GPa and actual crystallization pressures lower than this cause overestimation of pressureuncorrected crystallization temperatures. This would also lead to overestimated Ti-in-zircon temperatures if the thermometer is not corrected for pressure. The thermometer also assumes aTiO 2 to be buffered to unity by rutile (aTiO 2 ¼ 1). Absence of rutile, which is the more common case in igneous rocks, suggests magmatic values lower than one. Several studies (e.g. Hayden & Watson, 2007; Essene, 2009; Ghiorso & Gualda, 2013) have estimated that most magmatic systems have aTiO 2 values that vary from c. 0Á3 to 0Á9, which translates to systematic errors in calculated temperatures of several tens of degrees. TiO 2 activity values lower than one will cause underestimation of uncorrected crystallization temperatures. This has been suggested, in many studies employing the thermometer, to cancel out the opposite effects of unconstrained crystallization pressure. Both of these variables could, however, potentially be used as proxies for testing the two major hypotheses of rapakivi texture formation, (1) sub-isothermal decompression (Nekvasil, 1991; Eklund & Shebanov, 1999) and (2) mixing of mafic material into the granitic magmas (e.g. Hibbard, 1981; , which warrants a more detailed evaluation of their potential effects in the studied samples.
At present there are no unambiguous external means to accurately estimate either the crystallization pressure or the aTiO 2 of the magmas that precipitated the studied zircons. The crystallization pressures of the studied rapakivi granites were, however, very probably lower than 1 GPa. In the original polybaric crystallization model the crystallization of rapakivi magmas was suggested to have taken place during decompression along a heat-conserving (c. 5-10 C per 0Á1 GPa) gradient from c. 0Á5 to 0Á2 GPa (Nekvasil, 1991) . Similar crystallization pressure values of 0Á5-0Á2 GPa (average c. 0Á4 GPa) derived from Al-in-hornblende barometry have also been suggested for the Wiborg suite rapakivi granites (Eklund & Shebanov, 1999; Elliott, 2001) . The Al-inhornblende geobarometer is, however, not calibrated for Fe-enriched (hastingsitic/Fe-edenitic) and low Fe 3þ / (Fe 2þ þ Fe 3þ ) hornblende-bearing systems such as ferroan rapakivi granites (Simonen & Vorma, 1969; Elliott, 2001 and can overestimate crystallization pressures by as much as several hundreds of MPa (Anderson & Smith, 1995) . Regardless of these uncertainties, in the following discussion pressure change from 0Á5 to 0Á2 GPa (depths from c. 15 to 5 km) is assumed to characterize the sub-isothermal decompression model, but isobaric crystallization is considered as well.
Depending on the crystallizing phases, unbuffered fractional crystallization may increase or decrease the aTiO 2 of a magma (Hayden & Watson, 2007) . However, in the case of rapakivi granites the more prominent potential cause of aTiO 2 changes is the mixing of mafic and granitic magmas (Hibbard, 1981; , which would cause 14. (a, b) Comparison of the studied samples with igneous zircon compositions from different geotectonic settings (Grimes et al., 2015) and granites with differing geochemical affinities (Belousova et al., 2006; Nardi et al., 2013 ) on a log 10 (U/Yb) vs log 10 (Nb/Yb) discrimination diagram (Grimes et al., 2015) . differences between the geochemical conditions of ovoid and groundmass material crystallization. The studied rocks contain no rutile that would constrain the aTiO 2 to unity or sufficient oxide pairs that would allow the estimation of aTiO 2 (Ghiorso & Gualda, 2013) . Hayden & Watson (2007) presented a geochemical model that can estimate the aTiO 2 of a magma using whole-rock compositions. As the whole-rock compositions of the studied samples most probably do not represent liquid compositions, this model cannot be used to determine absolute aTiO 2 values or differences between the ovoid and groundmass magmas. It can, however, be used for semi-quantitative assessment of the potential effect of mixing on the aTiO 2 of a granitic magma. Using zircon saturation temperatures (Boehnke et al., 2013) as a starting point, mixing of a coeval anorthositic magma (Heinonen et al., 2010b) to the average composition of even-grained Wiborg rapakivi granites (Elliott, 2001 ) that most probably is more representative of an actual rapakivi magma demonstrates that even at very small mixing ratios (c. 5 % anorthositic material) a substantial increase in the aTiO 2 of the mix is observed (see Supplementary Data Electronic Appendix 4 for details of the mixing model). This suggests that the influence of anorthositic magma mixing on the aTiO 2 values should be readily observed in the groundmass magmas of the dark wiborgites. The relatively high Zr abundances observed in the anorthositic rocks in the Wiborg suite (e.g. Heinonen et al., 2010b) could also explain why zircon did not become undersaturated in the dark wiborgite groundmass magmas as a result of the mixing.
Assuming the above considerations, the potential effects of the suggested petrogenetic models [(1) decompression and (2) mixing] on the Ti abundances in zircons in different rapakivi types from the Wiborg suite are illustrated on isopleth diagrams in Fig. 15 . For the P-aTiO 2 conditions considered, the highest Ti abundances in the main populations of the type 3 ovoid inclusion zircons coincide with the zircon saturation temperatures (Boehnke et al., 2013) calculated for corresponding whole-rock compositions (Supplementary Data Electronic Appendix 4). The whole-rock compositions most probably do not represent actual liquid compositions, but as the inferred Tiin-zrn temperatures over the probable P-aTiO 2 conditions are below the calculated saturation values, the within-population Ti-in-zircon ranges most probably represent actual magmatic cooling trends in zirconsaturated conditions. (Boehnke et al., 2013) calculated for the whole-rock compositions of the corresponding samples. Thick dashed black lines denote possible process paths: 1, crystallization of the ovoid material in a deep magma reservoir; 2, sub-isothermal decompression (Nekvasil, 1991) and concomitant increase of aTiO 2 (minor in the wiborgite; stronger in the dark wiborgite); 3, crystallization of the groundmass in a shallow magma reservoir; 4, crystallization of the ovoid material followed by crystallization of the groundmass in a deep magma reservoir; 5, strong increase of either temperature or aTiO 2 followed by cooling and crystallization of the groundmass material in a shallow magma reservoir; 6, strong increase of either temperature or aTiO 2 followed by cooling and crystallization of the groundmass material in a deep magma reservoir.
The Ti-in-zircon pattern observed in the regular wiborgite ( Fig. 15a and b) can be explained with a polybaric crystallization model involving the following: (1) crystallization of the ovoid material in a deep (0Á5 GPa) magma reservoir; (2) sub-isothermal decompression along a c. 5-10 C per 0Á1 GPa gradient combined with a slight increase in aTiO 2 ; (3) crystallization of the groundmass in a shallow (0Á2 GPa) magma reservoir. In contrast, the pattern observed in the dark wiborgite ( Fig. 15c and d) calls for an alternative model in which (1) crystallization of the ovoid material in a deep-seated magma reservoir can also be followed by (2) subisothermal decompression, but the later stage is involved with (3) a strong increase in either aTiO 2 or crystallization temperature (possibly both) and cooling during crystallization. Both inferred effects could be caused by mixing of an anorthositic magma with the groundmass melt of the granite, in either a deep or a shallow magma reservoir. The Ti abundance pattern in the dark wiborgite is corroborated by mineralogical evidence of mixing (e.g. Rä mö et al., 2014), but would not necessarily be evident in the isotopic compositions of the mixed rocks as most of the coeval anorthositic rocks of the suite carry a crustal isotope composition as a result of early stage crustal contamination (e.g. Heinonen et al., 2015) .
Even though fundamental separation between the genetic models for the rapakivi texture still cannot unambiguously be made using the data presented in this study, the problem could be resolved by determining independent constraints of crystallization pressure and magmatic aTiO 2 separately for both the ovoid and groundmass magmas. This type of evaluation is, however, still incapable of tracking zircon crystallization at a single crystal scale that takes place during changing P-T-X conditions, unless these variables can be directly linked to the individual crystals analyzed. These advances will require further and even more detailed geochemical studies on a priori classified mineral populations of the studied rocks. As a general conclusion it seems, however, that mixing as evidenced by the apparent increase in aTiO 2 only in the dark wiborgite is not required for the formation of the rapakivi texture as it is present in samples that show no evidence for mafic magma interaction.
CONCLUDING REMARKS
The rapakivi texture-forming alkali feldspar ovoids in most of the major rock types of the Wiborg batholith most probably represent several separate batches of magmas that were individually emplaced and evolved along individual liquid lines of descent at mid-to uppercrustal levels at c. 1635 to 1628 Ma. The fully or nearly fully crystallized ovoid materials were subsequently remobilized by later granitic magmas that crystallized the groundmass during the final emplacement of the granites. The groundmass 207 Pb/ 206 Pb ages of most of the analyzed samples cluster at around 1628 Ma, which is interpreted as the actual final crystallization age of the bulk of the batholith volume. One of the analyzed samples (VERLA) comes from a minor porphyritic granite phase from the northern flank of the batholith and may represent a marginally older phase of the batholith.
The trace element abundances of zircon extracted from varying textural positions in the Wiborg granites record compositional differences that can be interpreted to have been caused by crystallization from several similar magmas with some compositional differences, most probably at varying temperatures. Zircons extracted from the dark wiborgite rapakivi varieties record the chemical influence of coeval anorthositic magmas that were mixed with the granitic (groundmass) material during final emplacement. Regular wiborgites do not record a similar increase in aTiO 2 and their groundmass magmas may have crystallized at lower temperatures compared with the ovoidcrystallizing magmas. The higher absolute U and Th contents and higher variability in HREE abundances of the inclusion zircons in all samples point to compositionally more evolved magmas, but this may also be caused by a lower degree of partial melting in the rapakivi magma source or the precipitation of competing mineral phases during groundmass crystallization.
In summary, our results show that strong textural control of zircon sample material can provide profoundly new information about the evolution of the magmas involved. In the Wiborg batholith case, two major magmatic phases with different P-T-X histories, yet close temporal ties, are revealed.
